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(54) Microprocessor with multiplexed and non-multiplexed address/data busses 



(57) For a first data transfer between a processor 
(10) and a first external device (12) which uses non-mul- 
tiplexed data transactions, a first address is placed on 
an (external) address bus (1 4) and first data is trans- 
ferred on an (external) address/data bus (1 3). A second 
data transaction is performed between the processor 



(10) and a second external device (11) which uses mul- 
tiplexed data transactions. In an address phase of the 
second data transaction, a second address is placed on 
the address/data bus (1 3). In a data phase of the second 
transaction, second data is transferred on the address/ 
data bus (13). 
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Description 

[0001] The present invention concerns transfer of da- 
ta over a microprocessor bus and pertains particularly 
to a microprocessor which is able to use both multi- 
plexed addressing and non -multiplexed addressing in a 
versatile manner. 

[0002] Central processing units (CPUs) and micro- 
processor generally have four types of input and output 
signals: address signals, data signals, control and sta- 
tus signals and power signals. The address signals are 
generally placed on an address bus. The address sig- 
nals are output signals used to indicate the target of a 
data access. The access is generally a read of data from 
a data storage device or a write of data to a data storage 
device. 

[0003] The data signals are generally transferred over 
a data bus. Data signals are bidirectional signals used 

to transfer instruction s^d data to and from tho CPU cr 
microprocessor. 

[0004] The control and status signals include, for ex- 
ample, bus transfer control signals, interrupt signals, 
control signals, test signals, emulation control signals, 
status signals, clocking signals, and so on. The partic- 
ular combination of control and status signals used by 
a CPU or microprocessor is specific to the individual 
CPU or microprocessor. 

[0005] The power signals generally include one or 
more power signals and a reference (or return) signal. 
[0006] For example, the 680xx family of microproces- 
sor, available from Motorola Communications and Elec- 
tronics Inc. , having a business address at 801 Ames Av- 
enue, Milpitas, California, uses separate address and 
data buses (Non-multiplexed) on its 680xx processors 
and "Coldfire" processors. Motorola's 680xx family of 
processors allows the data bus width to dynamically 
change on a transfer by transfer basis based on control 
signals exchanged during the transfer. 
[0007] In order to reduce complexity and manufactur- 
ing cost of integrated circuits and the packaging of inte- 
grated circuits, as well as to reduce the complexity of 
board level trace routing, it is desirable to reduce the 
number of pins used by a packaged microprocessor. For 
this reason it is common to find microprocessors which 
provide multiplexed address and data bus signals. 
[0008] Multiplexing address signals and data bus sig- 
nals is accomplished by utilizing a single set of input/ 
output (I/O) pins for the microprocessor and by time mul- 
tiplexing the address and data on this single set of I/O 
pins. These I/O pins together may be referred to as a 
multiplexed address and data bus. Using such a multi- 
plexed address and data bus, the address is generally 
transferred over the multiplexed address and data bus 
during the first phase of an access cycle and then the 
data is transferred over the multiplexed address and da- 
ta bus during the remaining phases of the transfer. 
[0009] While this approach can reduce the CPU cost, 
it can increase the system cost when the CPU is inter- 



faced with devices which do not support multiplexed ad- 
dress and data buses. In such cases, additional circuitry 
is required to extract the address during the address 
phase of the transfer. Likewise, when a system employs 

5 a CPU with non-multiplexed address and data buses, 
system cost may increase when the CPU is interfaced 
with devices with multiplexed buses. 
[0010] For example, Intel i960 central processing 
units available from Intel Corporation, having a business 

10 address of 2200 Mission College Boulevard, Santa 
Clara, California 95050, use multiplexed address and 
data. Intel i960 processors divide the addressable mem- 
ory space into fixed sized regions. Each region has a 
corresponding dedicated configuration register which 

1 & contains region specific information as to the bus width 
of target devices and the number of cycles required to 
complete a transfer. This information is used dynamical- 
ly for each transfer throughout the addressable memory 
nr.d I/O spacs. The configuration information is initially 

20 programmed when the device is powered by reading 
from a specific memory region in a required memory de- 
vice. 

[0011] In accordance with the preferred embodiment 
of the present invention, a processor performs data 

25 transactions. For a first data transfer between the proc- 
essor and a first external device which uses non-multi- 
plexed data transactions, a first address is placed on an 
(external) address bus and first data is transferred on 
an (external) address/data bus. A second data transac- 

30 tion is performed between the processor and a second 
external device which uses multiplexed data transac- 
tions. In an address phase of the second data transac- 
tion, a second address is placed on the address/data 
bus. In a data phase of the second transaction, second 

35 data is transferred on the address/data bus. 

[0012] In the preferred embodiment of the present in- 
vention, the processor includes an internal address bus, 
an internal data bus, and a selector. The selector elec- 
trically connects the internal data bus to the external ad- 

40 dress/data bus during the first data transfer between the 
processor and the first external device. The selector 
electrically connects the internal address bus to the ex- 
ternal address/data bus during the address phase of a 
second data transfer between the processor and the 

45 second external device. The selector electrically con- 
nects the internal data bus to the external address/data 
bus during the data phase of the second data transfer 
between the processor and the second external device. 
[0013] For example, a bus controller is connected to 

50 the internal address bus, the internal data bus, and the 
selector. The bus controller includes an address region 
configuration map which indicates which memory re- 
gions are located within an external device which uses 
non-multiplexed data transactions, and which memory 

55 regions are located within an external device which uses 
multiplexed data transactions. 
[001 4] For example, the selector includes a multiplex- 
er. The multiplexer has a first selection input connected 



2 



3 



EP 0 905 631 A2 



4 



to the interna! data bus and has a second selection input 
connected to the internal address bus. The selector also 
includes an output buffer. An input of the output buffer 
is connected to an output of the multiplexer. An output 
of the output buffer is connected to the external address/ 
data bus. The selector additionally includes an input 
buffer. An input of the input buffer is connected to the 
external address/data bus and an output of the input 
buffer ts connected to the internal data bus. 
[0015] In the preferred embodiment, the multiplexer 
has a multiplexer control input, the output buffer has an 
output buffer control input, and the input buffer has an 
input buffer control input. In one embodiment, either the 
output buffer control input or the input buffer control in- 
put is inverted and the input buffer control input is con- 
nected to the output buffer control input. The bus con- 
troller places control signals on the multiplexer control 
input, on the output buffer control input and on the input 
buffer control input. 

[001 6] For example, when the first data transaction is 
a write transaction, a first multiplexer value is placed on 
multiplexer control input and a first buffer control value 
is placed on the output buffer control input and on the 
input buffer control input. When the first data transaction 
is a read transaction, a second buffer control value is 
placed on the output buffer control input and on the input 
buffer control input. 

[0017] When the second data transaction is a write 
transaction, the first multiplexer value is placed on mul- 
tiplexer control input and the first buffer control value is 
placed on the output buffer control input and on the input 
buffer control input during the data phase of the second 
data transaction. When the second data transaction is 
a read transaction, the second buffer control value is 
placed on the output buffer control input and on the input 
buffer control input during the data phase of the second 
data transaction. During the address phase of the sec- 
ond data transaction, a second multiplexer value is 
placed on multiplexer control input and the first buffer 
control value is placed on the output buffer control input 
and on the input buffer control input. 
[0018] The present invention allows a processor to 
use a bus as both a multiplexed bus and a non-multi- 
plexed bus. This allows for great flexibility in connecting 
external devices which are either multiplexed or non- 
multiplexed. 

[0019] Figure 1 is a simplified block diagram which 
shows a processor bus connecting a processor both to 
a device which utilizes multiplexed addressing and a de- 
vice which does not utilize multiplexed addressing in ac- 
cordance with the preferred embodiment of the present 
invention. 

[0020] Figure 2 is simplified block diagram of the proc- 
essor shown in Figure 1 in accordance with the pre- 
ferred embodiment of the present invention. 
[0021] Figure 3 is a map of a portion of the memory 
address space for the processor shown in Figure 1 in 
accordance with the preferred embodiment of the 



present invention. 

[0022] Figure 4 shows a simplified truth table which 
shows control signals generated by a bus controller 
within the processor shown in Figure 1 in accordance 

s with the preferred embodiment of the present invention. 
[0023] Figure 5 is simplified block diagram which il- 
lustrates ways a processor can access a configuration 
memory in accordance with the preferred embodiments 
of the present invention. 

to [0024] Figure 1 is a simplified block diagram showing 
a central processing unit (CPU) 10 connected to a proc- 
essor bus. The processor bus includes an address bus 
14 and a multiplexed address/data bus 1 3. When com- 
municating with a multiplexed device 11, CPU 10 time 

is multiplexes address signals and data signals on multi- 
plexed address/data bus 1 3. When communicating with 
a non-multiplexed device 12, CPU 10 places address 
signals on address lines 14 and transfers data signals 
on multiplexed address/data bus 13. When communi- 

20 eating with non-multiplexed device 12, multiplexed ad- 
dress/data bus 1 3 is used only for data signals and ad- 
dress signals are not multiplexed onto address/data bus 
13. 

[0025] Figure 2 is a simplified block diagram of CPU 
25 10. CPU 10 includes a bus controller 22. Bus controller 
22 includes an address region configuration map 25, 
which is described more fully below. CPU 10 also in- 
cludes ALU and other CPU components as represented 
by a block 21. 

30 [0026] Bus controller 22 has an internal data bus 23 
and an internal address, bus 24. A multiplexer 26 se- 
lects, as output, signals on either internal data bus 23 
or internal address bus 24. Multiplexer 26 is controlled 
by a multiplex control signal on a multiplexer control line 

35 29. 

[0027] For data writes from CPU 10 to another device, 
a tri-state gate (output buffer) 27 is turned on connecting 
the output of multiplexer 26 to multiplexed address/data 
bus 13. For data reads to CPU 10 from another device, 

40 a tri-state gate (input buffer) 28 is turned on connecting 
the multiplexed address/data bus 1 3 to internal data bus 
23. Tri-state gate 27 and tri-state gate 28 are controlled 
by a buffer control signal on buffer control line 30 driven 
by bus controller 22. 

45 [0028] Figure 2 demonstrates the internal selection 
necessary to provide CPU 10 with both multiplexed and 
non-multiplexed address and data buses. The multiplex 
control signal on multiplexer control line 29 determines 
whether the internal address bus 24 or internal data bus 

50 23 will be routed to tri-state gate 27, which serves as an 
address/data buffer. Tri-state gate 28 acts as an input 
buffer to gate address/data bus 1 3 during read, fetch or 
load transfers, onto internal data bus 23. 
[0029] Address region configuration map 25 is used 

55 to implement address regions which can be pro- 
grammed as either multiplexed or non-multiplexed. For 
example, the memory space of CPU 10 can be divided 
into a finite number of memory regions. Each memory 
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region is accessed either by multiplexing address and 
data signals on multiplexed address/data bus 1 3 or by 
placing address signals on address bus 1 4 and placing 
data on multiplexed address/data bus 13. 
[0030] For example, Figure 3 shows a portion of ad- 
dress memory space 40 for CPU 10. A multiplexed re- 
gion 41 is accessed by multiplexing address and data 
signals on multiplexed address/data bus 1 3. A non-mul- 
tiplexed region 42 is accessed by placing address sig- 
nals on address bus 14 and transferring data on multi- 
plexed address/data bus 1 3. A multiplexed region 43 is 
accessed by multiplexing address and data signals on 
multiplexed address/data bus 13. A non-multiplexed re- 
gion 44 is accessed by placing address signals on ad- 
dress bus 14 and transferring data on multiplexed ad- 
dress/data bus 1 3. 

[0031] In the preferred embodiment of the present in- 
vention, CPU 10 generates values for address region 
^"•^i' ^tion map 25 by r ead i °c i c or >figi ration informa- 
tion, about memory address space 40, stored in mem- 
ory. The configuration information is used to set up ad- 
dress region configuration map 25 in order to identify 
the appropriate bus format for each memory region de- 
pending upon the type of devices which are associated 
with each memory region. For memory regions associ- 
ated with multiplexed devices, the memory regions are 
configured in address region configuration map 25 as 
multiplexed regions. For memory regions associated 
with non-multiplexed devices, the memory regions are 
configured in address region configuration map 25 as 
non-multiplexed regions. 

[0032] I n an alternative embodiment of the present in- 
vention, a target device communicates bus type infor- 
mation to CPU 10 on a transfer by transfer basis using 
control signals exchanged between CPU 1 0 and the tar- 
get device. 

[0033] Figure 4 shows a simplified truth table 50. 
Truth table 50 shows control signals generated by bus 
controller 22 within CPU 10. 

[0034] A multiplexed/non-multiplexed variable in a 
column 51 is stored in address region configuration map 
25. For each memory region this variable is set to a logic 
"1 D if the memory region supports a multiplexed bus, and 
the variable is set to a logic "0" if the memory region 
supports a non-multiplexed bus. The memory regions 
are programmed just after power-up or reset by access- 
ing an external configuration block stored in an external 
memory device. 

[0035] As the bus is not configured for this initial ac- 
cess it is necessary to loosely specify the characteristics 
of the configuration memory device. For example, a con- 
figuration memory device is specified as non-multi- 
plexed, n-bits wide and requiring m CPU cycles to trans- 
fer each n-bits. 

[0036] Alternatively, the CPU has a separate simple 
serial interface which slowly transfers configuration in- 
formation to the CPU on a bit by bit basis from an exter- 
nal serial memory device. 



[0037] For example, Figure 5 shows an embodiment 
of the present invention wherein configuration informa- 
tion is stored in a separate configuration device 62. At 
start-up or reset, CPU 10 can access configuration de- 
s vice 62 through a special serial bus 64. Alternatively, at 
start-up or reset, CPU 10 can access configuration de- 
vice 62 through a connection (not shown) to address bus 
14 and address/data bus 13. 

[0038] Figure 5 also shows a control signal bus 63 
10 which can be implemented for embodiments of the 
present invention which transfer bus type information on 
a transfer-by-transfer basis. 

[0039] An address/data phase variable in a column 52 
of truth table 50 (shown in Figure 4) is generated and 

15 used by bus controller 22 to determine the phase of the 
transfer as either the address phase or the data phase 
during a multiplexed transfer. Phase information is not 
used during a non-multiplexed transfer. The address/ 
dp f a pHace v=> r !=b!e is equal to 1 when, during a mu'ti- 

20 piexed transfer, the transfer is in the address phase. The 
address/data phase variable is equal to 0 when, during 
a multiplexed transfer, the transfer is in the data phase. 
[0040] A read/write variable in a column 53 of truth 
table 50 is generated and used by bus controller 22 to 

25 control the direction of a data transfer. The read/write 
variable is equal to 1 when data is read from an external 
device and transferred to CPU 10. The read/write vari- 
able is equal to 0 when data is written from CPU 10 to 
an external device. 

30 [0041] The multiplex control signal in column 54 is the 
multiplex control signal which bus controller 22 places 
on multiplexer control line 29. The buffer control signal 
in column 55 is the buffer control signal which bus con- 
troller 22 places on buffer control line 30. 

35 [0042] As can be seen from truth table 50, when the 
multiplexed/non-multiplexed variable (column 51) is 
equal to 0 and the read/write variable (column 53) is 
equal to 0, the multiplex control signal (column 54) is 
equal to 0 and the buffer control signal (column 55) is 

40 equal to 0. When the m u It ip I exed/n on -multiplexed vari- 
able (column 51 ) is equal to 0 and the read/write variable 
(column 53) is equal to 1 , the buffer control signal (col- 
umn 55) is equal to 1 . 

[0043] When the multiplexed/non -multiplexed varia- 
45 ble (column 51) is equal to 1, the address/data phase 
variable (column 52) is equal to 0 and the read/write var- 
iable (column 53) is equal to 0, the multiplex control sig- 
nal (column 54) is equal to 0 and the buffer control signal 
column 55) is equal to 0. When the multiplexed/non-mul- 
50 tiplexed variable (column 51 ) is equal to 1 , the address/ 
data phase variable (column 52) is equal to 0 and the 
read/write variable (column 53) is equal to 1 , the buffer 
control signal (column 55) is equal to 1 . When the mul- 
tiplexed/non-multiplexed variable (column 51 ) is equal 
55 to 1 and the address/data phase variable (column 52) 
is equal to 1, the multiplex control signal (column 54) is 
equal to 1 and the buffer control signal (column 55) is 
equal to 0. 
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[0044] A read transfer from non -multiplexed device 1 2 
to CPU 1 0 is first initiated by accessing the configuration 
information (in address region configuration map 25) for 
the memory region within non-multiplexed device 12. 
This information is used to determine bus width, re- 
quired access time, and bus type for accesses to non- 
multiplexed device 12. In this case, the configuration in- 
formation indicates that the non-multiplexed device 12 
has a non-multiplexed address/data bus. A non-multi- 
plexed transfer is then initiated by CPU 1 0 by driving the 
target memory address or I/O location on to internal ad- 
dress bus 24. Internal address bus 24 is driven on to 
address bus 14 where the address is delivered to non- 
multiplexed device 12. At the same time input buffer 28 
is enabled such that data on address/data bus 1 3 is buff- 
ered to internal data bus 23. Once the required access 
time indicated in the configuration register expires, or a 
target device acknowledgment (control signal) is re- 
ceived, the data is latched by bus controller 22 and ihe 
access ends. 

[0045] A non-multiplexed write transfer from CPU 10 
to non -multiplexed device 1 2 is first initiated by access- 
ing the configuration information (in address region con- 
figuration map 25) for the memory region within non- 
multiplexed device 12. This information is used to de- 
termine the target devices bus width, required access 
time, and bus type. In this case, the configuration infor- 
mation indicates that non-multiplexed device 12 has a 
non -multiplexed address/data bus. A non -multiplexed 
transfer is then initiated by CPU 10 by driving the target 
address or I/O location within non-multiplexed device 12 
on to internal address bus 24. Internal address bus 24 
is driven on to address bus 14-where it is delivered to 
non-multiplexed device 1 2. At the same time output buff- 
er 27 is enabled such that data on internal data bus 23 
is buffered to address/data bus 13. Once the required 
access time indicated in the configuration register ex- 
pires, or a target device acknowledgment (control sig- 
nal) is received the access ends. 
[0046] A multiplexed read transfer from multiplexed 
device 11 to CPU 10 is first initiated by accessing the 
configuration information (in address region configura- 
tion map 25) for the memory region which is stored by 
multiplexed device 1 1 . This information is used to deter- 
mine the bus width, required access time, and bus type 
used for access to multiplexed device 11. In this case, 
the configuration information indicates that multiplexed 
device 11 has a multiplexed address and data bus. A 
multiplexed transfer is then initiated by CPU 10 by driv- 
ing the target memory or I/O location on to internal ad- 
dress bus 24. For the address phase of the multiplexed 
transfer, multiplexer 26 gates the internal address to the 
input of output buffer 27. This is indicated in the truth 
table shown in Figure 4 (described above). Additionally, 
output buffer 27 is enabled thus driving internal address 
bus 24 onto address/data bus 13 where it is delivered 
to the multiplexed device 1 1 . After the address has been 
delivered and the address phase transitions to the data 



phase, output buffer 27 is disabled and input buffer 28 
is enabled, as indicated in the truth table shown in Figure 
4. The state of address/data bus 1 3 is then driven on to 
internal data bus 23. Single or multiple transfer can oc- 
s cur before the end of the access. 

[0047] A multiplexed write transfer from CPU 10 to 
multiplexed device 11 is first initiated by accessing the 
configuration information (in address region configura- 
tion map 25) for the memory region which is stored by 
10 multiplexed device 1 1 . This information is used to deter- 
mine the bus width, required access time, and bus type 
for multiplexed device 11. In this case, the configuration 
information indicates that multiplexed device 11 has a 
multiplexed address and data bus. A multiplexed trans- 
15 fer is then initiated by CPU 1 0 by driving the target mem- 
ory or I/O location on to internal address bus 24. During 
the address phase of the multiplexed transfer, multiplex- 
er 26 gates the internal address to the input of output 
buffer 27. This is indicated in the truth table shown in 
20 Figure 4. Additionally, output buffer 27 is enabled thus 
driving the state of internal address bus 24 onto ad- 
dress/data bus 13 where it is delivered to multiplexed 
device 1 1 . After the address has been delivered and the 
address phase transitions to the data phase, output buff- 
25 er 27 continues to be enabled, as indicated in the truth 
table shown in Figure 4. The multiplex control signal on 
a multiplexer control line 29 toggles so that internal data 
bus 23 is connected to the input of output buffer 27. Out- 
put buffer 27 then drives the state of internal data bus 
30 23 onto address/data bus 1 3 so that the data is delivered 
to multiplexed device 11. 

[0048] The foregoing discussion discloses and de- 
scribes merely exemplary methods and embodiments 
of the present invention. As will be understood by those 
35 familiar with the art, the invention may be embodied in 
other specific forms without departing from the essential 
characteristics thereof. Accordingly, the disclosure of 
the present invention is intended to be illustrative, but 
not limiting, of the scope of the invention, which is set 
40 forth in the following claims. 



Claims 

1 . A processor (1 0) comprising: 

an internal address bus (24); 
an internal data bus (23); and, 
a selection means (26,27,28); 

wherein, the internal address bus (24) is con- 
nected to an external address bus (14); 

wherein an external address/data bus (13) is 
coupled to the processor (10); and 

wherein the selection means (26,27,28) is for 
electrically connecting the internal data bus (23) to 
the external address/data bus (1 3) during a first da- 
ta transfer between the processor (10) and a first 
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external device (12) which uses non-multiplexed 
data transactions, the selection means (26,27,28) 
is for electrically connecting the internal address 
bus (24) to the external address/data bus (1 3) dur- 
ing an address phase of a second data transfer be- s 
tween the processor (1 0) and a second external de- 
vice (11) which uses multiplexed data transactions, 
and the selection means (26,27,28) is for electrical- 
ly connecting the internal data bus (23) to the ex- 
ternal address/data bus (13) during a data phase of 10 
the second data transfer between the processor 
(10) and a second external device (11). 

A processor (10) as in claim 1 wherein the selection 
means (26,27,28) includes a multiplexer (26) hav- is 
ing a first selection input connected to the internal 
data bus (23) and having a second selection input 
connected to the internal address bus (24). 

A processor (10) as in claim 2 wherein the selection 20 
means (26,27,28) additionally includes an output 
buffer (27), an input of the output buffer (27) con- 
nected to an output of the multiplexer (26), and an 
output of the output buffer (27) connected to the ex- 
ternal address/data bus (1 3). 25 

A processor (1 0) as in claim 3 wherein the selection 
means (26,27,28) additionally includes an input 
buffer (28), an input of the input buffer (28) being 
connected to the external address/data bus (13) 30 
and an output of the input buffer (28) being connect- 
ed to the internal data bus (23). 

A processor (10) as in claim 4 wherein: 

35 

the multiplexer (26) has a multiplexer control in- 
put; 

the output buffer (27) has an output buffer con- 
trol input; and, 

the input buffer (28) has an input buffer control 40 
input; 

A processor (10) as in claim 5 wherein: 

one of the output buffer control input and the 45 
input buffer control input is inverted and the in- 
put buffer control input is connected to the out- 
put buffer control input. 

A processor ( 1 0) as in claim 6 additionally compris- 50 
ing: 

a bus controller (22), connected to the internal 
address bus (24) and the internal data bus (23), 
the bus controller (22) placing a multiplexer ss 
control signal on the multiplexer control input, 
the bus controller (22) placing a buffer control 
signal on the output buffer control input and on 



the input buffer control input. 

8. A processor (10) as in claim 6 wherein: 

when the first data transaction is a write trans- 
action, a first multiplexer (26) value is placed 
on multiplexer control input and a first buffer 
control value is placed on the output buffer con- 
trol input and on the input buffer control input; 
when the first data transaction is a read trans- 
action, a second buffer control value is placed 
on the output buffer control input and on the in- 
put buffer control input; 

when the second data transaction is a write 
transaction, the first multiplexer (26) value is 
placed on multiplexer control input and the first 
buffer control value is placed on the output buff- 
er control input and on the input buffer control 
: T!.'t ^'jri°3 the d2ta p^psc cf th? second c^ + 3 
transaction; 

when the second data transaction is a read 
transaction, the second buffer control value is 
placed on the output buffer control input and on 
the input buffer control input during the data 
phase of the second data transaction; and, 
during the address phase of the second data 
transaction, a second multiplexer (26) value is 
placed on multiplexer control input and the first 
buffer control value is placed on the output buff- 
er control input and on the input buffer control 
input. 

9. A processor (10) as in claim 1 additionally compris- 
ing: 

a bus controlier (22), connected to the internal 
address bus (24), the internal data bus (23), 
and the selection means (26,27,28). 

10. A method for using a processor (1 0) to perform data 
transactions, the method comprising the following 
steps: 

(a) for a first data transaction between the proc- 
essor (10) and a first device (12), placing a first 
address on an address bus (14) and transfer- 
ring first data on an address/data bus (13); and, 

(b) for a second data transaction between the 
processor (10) and a second device (11) per- 
forming the following substeps: 

(b.1) in an address phase of the second 
transaction, placing a second address on 
the address/data bus (13), and 
(b.2) in a data phase of the second trans- 
action, transferring second data on the ad- 
dress/data bus (13); 
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wherein the bus address (1 4) is not part of the 
address/data bus (13). 
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